Health care in Denmark is free of charge; therefore, Danish citizens should in principle have equal access to somatic and psychiatric health care. The question is, however, whether equal access also implies equal and sufficient treatment and care.
The principal aim of this article was to use the Danish registers to examine whether individuals with severe mental disorder, defined as persons previously admitted to a psychiatric hospital with schizophrenia, schizoaffective disorder, or bipolar affective disorder, are sufficiently evaluated and monitored by health professionals in somatic departments. This question is addressed by comparing rates of heart disease contacts, rates of subsequent invasive cardiac procedures, and rates of mortality from heart disease in 2 groups: individuals who have never been admitted to a psychiatric hospital, and individuals with severe mental disorder. As individuals with severe mental disorder have a much higher mortality than the general population and are subject to multiple risk factors for heart disease, we expected to find much higher rates of contacts with diagnoses of heart disease and much higher rates of invasive cardiac procedures in this group. Failing to do so could indicate insufficient somatic monitoring and surveillance of individuals with severe mental disorder.
METHODS

STUDY POPULATION AND FOLLOW-UP
We identified all persons born in Denmark before January 1, 1994 , and still residing in Denmark on that date using the Danish Civil Registration System. 13 The Danish Civil Registration System was established in 1968, at which time all persons alive and living in Denmark were registered and assigned a 10-digit personal identification number used in all registers. The register records information on sex, date of birth, place of birth, and vital status (eg, date of death and migration out of Denmark). The follow-up of the cohort began on January 1, 1994, or on the cohort member's 15th birthday, whichever came last. Follow-up ended on January 1, 2007, the date of death (including death by heart disease), the date of first contact with heart disease, or the date of emigration, whichever came first. The cohort members who were admitted or had an outpatient contact to a hospital with a heart disease diagnosis during the follow-up period formed the study population for follow-up on death or invasive procedure after heart disease contact (Figure 1) . Follow-up of these patients started on the date of discharge from the first heart disease contact (the date of first contact, when an invasive procedure was the outcome) and ended after 5 years, on January 1, 2007, the date of death (or the date of operation, when an invasive procedure was the outcome), or the date of emigration, whichever came first. Cohort members admitted to a psychiatric hospital for the first time after first contact with heart disease were censored at the date of the psychiatric admission. All persons with hospital contacts with any diagnosis of heart disease were identified from the Danish National Hospital Register, 17 which was established in 1977 and covers information on all Danish somatic inpatient hospital contacts; outpatient contacts were included from January 1, 1995. Two categories were defined, using all diagnostic codes: a broad definition of heart disease (ICD-10 codes I00-I25, I27, I30-I52; ICD-8 codes 390-429) and a narrow definition including myocardial infarction (MI) only (ICD-10 code I21; ICD-8 code 410). Invasive procedures were defined as coronary artery bypass graft (codes 300.09-302.41), and KFNA-KFNF or percutaneous transluminal coronary angioplasty (codes 303.50, 303.54, 303.59, KFNG02, KFNG05). The Nordic Medico-Statistical Committee classification of surgical procedures was used from 1996. 17 From 1994 to 1996, a national classification system was used. 18 We excluded all persons admitted with heart disease during the 17-year period from 1977 to 1994 preceding the study period. This minimized the mixing of prevalent and incident cases in the follow-up period (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) . After the 17-year washout period, we assumed all cases to be incident.
ASSESSMENT OF PSYCHIATRIC ADMISSION, HEART DISEASE, AND CAUSE OF DEATH
The underlying cause of death was identified from the Cause of Death Register. 19 We used the same definitions for death by heart disease and MI as listed earlier.
STATISTICAL ANALYSES
In the prospective cohort study, rates of heart disease mortality and heart disease contacts were analyzed using Poisson regression with the GENMOD procedure in SAS version 9.1 statistical software (SAS Institute, Inc, Cary, North Carolina). Outcome measures were denoted as incidence rate ratios (IRRs), where first contact was the end point, and mortality rate ratios Figure 1 . Number of cohort members, heart disease contacts, invasive procedures, and deaths by heart disease.
(MRRs), where death was the end point of interest. All IRRs and MRRs were adjusted for or stratified by sex, calendar time, and age. The IRRs and MRRs were calculated by loglikelihood estimation, and Wald 95% confidence intervals (CIs) were used. To take the high mortality from all causes into account, we used the Aalen-Johansen method to estimate the probability (cumulative incidence) of dying of heart diseases or being subject to invasive procedures, after discharge from the first hospital contact. The more frequently used Kaplan-Meier productlimit estimator corresponds to the hypothetical situation where individuals who die of other causes are censored, whereas the Aalen-Johansen curves estimate the probability of dying of heart disease (or having an invasive procedure) by taking competing causes of death into account. 20 Aalen-Johansen survival curves were obtained using the SAS macro presented by Rosthøj et al. 21 
RESULTS
FIRST SOMATIC HEART DISEASE CONTACT
Among the 4 592 803 cohort members, 605 649 had a diagnosis of heart disease during the follow-up period from 1994 to 2007. Among these, the first heart disease diagnosis was the main diagnosis in 53.05%, an auxiliary diagnosis in 40.11%, and a referral diagnosis in 5.71%; 1.13% had another diagnosis type or a missing diagnosis type. The diagnosis type was distributed almost identically to these percentages among the 4997 persons with severe mental disorder prior to their contact with a diagnosis of heart disease.
The overall incidence rate of first hospital contact with a diagnosis of heart disease was higher for older cohort members than for younger cohort members and higher for men than for women. Persons admitted with severe mental disorder who were younger than 70 years had a higher heart disease contact incidence than persons who had no mental disorder. In the groups aged 70 years or older, persons with severe mental disorder had lower rates than those with no mental disorder ( Table 1) .
These differences in heart disease contact rates between persons admitted with severe mental disorder and persons who had never been admitted to a psychiatric hospital (reference group) were negligible when we adjusted for age, sex, and calendar period in a Poisson regression: overall IRR, 1.11 (95% CI, 1.08-1.14). As indicated by the incidence rates in Table 1 , an effect measure modification by age was present as individuals with severe mental disorder in the groups younger than 70 years had an excess heart disease contact rate, whereas the oldest patients had rates significantly below those of the matching reference groups ( Table 2) .
The group with severe mental disorder was slightly heterogeneous, and patients with schizophrenia had lower rates of somatic contacts with heart disease (IRR=1.04; 95% CI, 1.00-1.08) than those with bipolar disorder (IRR=1.19; 95% CI, 1.14-1.24). As there was no overlap between the CIs, we assumed this difference to be statistically significant. Cohort members with schizoaffective disorder had an IRR of 1.31 (95% CI, 1.23-1.40) for contact with heart disease.
MORTALITY FROM HEART DISEASE WITHOUT A PRIOR SOMATIC CONTACT WITH HEART DISEASE
In the follow-up period from 1994 to 2007, a total of 51 918 persons (1.13%) died of heart disease ( Figure 1 ) without previous hospital contact with heart disease. Among these, 874 had had a prior admission with a severe psychiatric disorder.
In contrast to the IRR of heart disease contact, we found that the MRR of heart disease for individuals previously admitted with severe mental disorder was highly elevated, at 2.90 (95% CI, 2.71-3.10) compared with persons who had never been admitted to a psychiatric hospital (Table 2) . No effect measure modification (interaction) in the overall MRR was observed between sex and psychiatric status. The excess mortality was higher in the younger groups than in the older groups, and it tended to be highest among young women.
Persons with schizophrenia experienced a higher mortality (overall MRR=3.52; 95% CI, 3.22-3.84) than persons with bipolar disorder (MRR=2.50; 95% CI, 2.26-2.78). As there was no overlap between the CIs, we assumed this difference to be statistically significant. The MRR for schizoaffective disorder was 3.05 (95% CI, 2.57-3.61).
MI SUBGROUP
Examination of the subgroup with MI revealed a similar pattern, with an excess MRR of MI in individuals with severe mental disorder. However, the IRR of contact with MI was the same as in individuals without mental disorder (Table 2) .
MORTALITY AFTER FIRST HEART DISEASE CONTACT
The 605 649 cohort members with heart disease contact during the first follow-up period formed the cohort, which was used to examine the mortality following discharge after the first contact with heart disease. A total of 25 584 individuals died during their first contact or were still admitted at the end of follow-up, leaving 580 065 persons to follow up ( Figure 1 ). Mortality rates increased with age. Rates of heart disease mortality in the group of individuals with severe mental disorder and the nonpsychiatric group were calculated as survival curves with time since discharge from the first heart disease contact as the underlying time axis (up to 1825 days, or 5 years). Figure 2 shows the curves for all 5 years of follow-up. The mean durations of follow-up were 3.23 years for cohort members never admitted to a psychiatric hospital and 2.94 years for those previously admitted with severe mental disorder. A total of 43 090 individuals (437 persons previously admitted with severe mental disorder) died of heart disease during the 5-year follow-up period. A total of 88 680 individuals, of whom 938 persons had previously been admitted with severe mental disorder, died of other causes. We stratified the analysis by age, and the curves are displayed separately for the 2 age groups (aged Ͻ70 years and Ն70 years at the time of first heart disease contact). Taking into account that cohort members should be alive and should not have died of another competing cause, we found that for cohort members aged 70 years or older, the risk of dying of heart disease within 1 year after discharge was 9.08% for individuals with severe mental disorder but only 6.33% for individuals who had never been admitted with severe mental disorder. The corresponding numbers af- Overall cumulative mortality from heart disease after discharge from the first heart disease contact. The y-axis shows cumulative mortality rates measuring the risk of dying of heart disease, taking into account other causes of death. Never admitted indicates never admitted to a psychiatric hospital; severe mental disorder, previously admitted to a psychiatric hospital with schizophrenia, bipolar disorder, or schizoaffective disorder. Abbreviations: CI, confidence interval; IRR, incidence rate ratio; MRR, mortality rate ratio. a All IRRs and MRRs were adjusted for calendar year. The reference group was cohort members never admitted to a psychiatric hospital. Heart disease was also adjusted for sex, with an MRR of 0.56 (95% CI, 0.55-0.57) and an IRR of 0.75 (95% CI, 0.75-0.76) in women compared with men. Myocardial infarction was also adjusted for sex, with an MRR of 0.48 (95% CI, 0.46-0.49) and an IRR of 0.44 (95% CI, 0.43-0.45) in women compared with men.
b Incidence rate ratio of somatic heart disease admission between cohort members previously admitted with severe mental disorder and cohort members never admitted to a psychiatric hospital.
c Mortality rate ratio of death by heart disease between cohort members previously admitted with severe mental disorder and cohort members never admitted to a psychiatric hospital.
ter 5 years were 21.00% and 17.13%, respectively ( Figure 2 ). As expected, for patients with heart disease, the mortality from heart disease during the 5-year follow-up period was much lower for those younger than 70 years than among the older cohort members, but we observed the same tendency: persons younger than 70 years who were previously admitted with severe mental disorder had a higher risk of dying of heart disease than persons younger than 70 years who had never been admitted to a psychiatric hospital (1-year mortality risk, 2.80% and 1.00% respectively; 5-year mortality risk, 8.26% and 2.86%, respectively) ( Figure 2) . Survival curves for the 3 separate psychiatric disorders were similar, but mortality tended to be higher among persons with schizophrenia than among persons with bipolar disorder or schizoaffective disorder (data not shown).
INVASIVE PROCEDURES
The 605 649 cohort members with a heart disease contact during the first follow-up period formed the cohort, which was used to examine the rates of invasive cardiac procedures following the first contact with heart disease. Probabilities of invasive procedures were calculated to be similar to those of heart disease mortality; however, follow-up began on the date of first contact, not the date of first discharge.
In all, 59 147 of the 605 649 persons with a first heart disease contact had an invasive procedure performed within the 5-year follow-up period. Table 3 shows the probability of having an invasive procedure within 1 month, 1 year, and 5 years after the first heart disease contact, taking into account the competing risk from death. Separate analyses were made for cohort members aged 70 years and older and cohort members younger than 70 years at the time of the first heart disease contact. After 5 years, the probability of having an invasive procedure performed was 7.04% among cohort members (aged Ͻ70 years) with severe mental disorder, while there was a substantially larger probability, 12.27%, of cohort members never admitted to a psychiatric hospital having an invasive procedure performed. The same pattern applied for all age groups and all 3 periods (Table 3) .
When we examined only cohort members admitted with MI, the differences between psychiatric and nonpsychiatric patients were even larger. After 5 years, the probability of cohort members younger than 70 years having an invasive procedure was 28.18% among those with severe mental disorder, whereas it was 41.54% in the comparison group. For cohort members aged 70 years or older, the probability of having an invasive procedure was 10.51% among those with severe mental disorder and 18.70% in the comparison group.
COMMENT
KEY FINDINGS
The IRRs of somatic heart disease contacts were almost similar in individuals with and without severe mental disorder. By contrast, an almost 3-fold increased MRR of heart disease without a prior somatic heart disease contact was found in psychiatric patients with severe mental disorder compared with the nonpsychiatric general population. Furthermore, rates of invasive cardiac procedures after the first heart disease contact in patients with severe mental disorder were approximately only half of those in the comparison group. Patients with severe mental disorder continued to have an excess mortality from heart disease following the first somatic heart disease contact.
DANISH DATA VS DATA FROM OTHER COUNTRIES
The results in this study are based on the entire Danish population. In Denmark, hospital treatment is offered to all citizens regardless of socioeconomic status because treatment is paid for via the tax system. The Danish setting therefore offers a unique and singular opportunity to address the issue of equality of treatment for people with and without mental disorder. Similar data can be obtained in very few countries. We speculate that the discrepancy between somatic contact, invasive procedure, and death by heart disease among patients with severe mental disorder compared with the nonpsychiatric part of the population may be even more marked in countries where medical services are not fully tax financed.
HIGH RATES OF MORTALITY
The excess mortality in persons with bipolar disorder, schizoaffective disorder, and especially schizophrenia (under different names) has been reported since the 1800s. 22 In the start of the 1900s, Kraepelin found excess mortality in psychiatric patients compared with the general population, an observation that was also made by Bleuer in the 1950s. 22 More recent studies have also shown that persons with severe psychiatric disorders have a higher a Invasive procedures were coronary artery bypass graft or percutaneous transluminal coronary angioplasty. A total of 566 071 patients had no prior psychiatric contact and 4997 had a severe mental disorder. A total of 34 581 patients had a prior mental disorder other than severe mental disorder (not included in this table). All probabilities were calculated by the Aalen-Johansen method taking competing risk from death into account.
(REPRINTED) ARCH GEN PSYCHIATRY/ VOL 66 (NO. 7), JULY 2009 WWW.ARCHGENPSYCHIATRY.COM 717 mortality from natural causes and especially from heart disease. 6, [23] [24] [25] The onset of bipolar disorder and schizophrenia may result in a cascade of unhealthy lifestyle behaviors such as heavy smoking, 10,11 social decline, 12 unhealthy diets, 9 and adverse effects of pharmacological or psychotropic treatment, 8 which are probably all pieces of a large puzzle explaining the excess mortality. However, a more direct link between the psychiatric disorders and the excess mortality has also been proposed. This link suggests the existence of a common genetic liability to somatic illness and schizophrenia or bipolar disorder. 26, 27 Furthermore, bipolar disorder has been suspected to be linked to metabolic syndromes, and this association could also explain part of the excess mortality from heart disease. 28 In light of the earlier evidence from the literature, the excess mortality found in our study is hardly surprising, even if we found higher excess mortality rates than other studies simultaneously exploring somatic contact and mortality. 29, 30 A recent systematic review of schizophrenia 31 calculated an average standardized mortality ratio of 2 from cardiovascular diseases, which is lower than the MRRs found in our study. It should be noted that the MRRs from our study are not directly comparable to the standardized mortality ratios reported in the literature, first because we examined mortality from heart disease without a prior heart disease contact and second because we chose persons who had never been admitted to a psychiatric hospital as the reference group as opposed to using the entire population. Our approach gives higher MRRs because persons admitted with other psychiatric illnesses in general form a large group with high mortality affecting the total mortality in the population. 25 Persons with severe mental disorder often belong to lower social classes whose mortality is higher than that of higher social classes. If we had compared the persons with severe mental disorder only with persons from similar socioeconomic strata, we probably would have found smaller mortality discrepancies. However, mental disorder often involves social decline; such a comparison would therefore not estimate the correct magnitude of the excess mortality associated with severe mental disorder.
LOW RATES OF CONTACT AND INVASIVE PROCEDURES
Rates of heart disease contact with somatic hospitals for persons with bipolar disorder, schizoaffective disorder, or schizophrenia were similar to those of the nonpsychiatric part of the Danish population. This pattern of equal rates of somatic contact was also found in studies from Canada 29 and Australia. 30 Several studies have found that risk factors for cardiovascular disorders were more common in patients with severe mental disorders 2,32 than in patients without such disorders and that persons with these psychiatric disorders had a higher prevalence of chronic medical conditions. 33, 34 These observations, along with the higher mortality in psychiatric patients, indicate that persons with severe mental disorder are at high risk for heart disease and thus should have higher rates of somatic care and invasive cardiac procedures. However, we found only the same level of heart disease contact; even more surprisingly, the rates of invasive procedures after the first contact were much lower. One possible explanation for these findings could be that symptoms of heart disease are not found owing to the severity and symptoms of the mental disorder. However, a similar pattern emerged when we examined a more specific subgroup of patients with heart disease, those with MI, in whom more severe symptoms are generally anticipated. Hence, our findings seem to suggest that psychiatric patients are not examined sufficiently enough by general practitioners or internal specialists. The same conclusion was suggested in a recent review of somatic health in persons with bipolar disorder: these patients were more likely to receive suboptimal somatic treatment.
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DISCREPANCY BETWEEN HIGH MORTALITY RATES AND LOW SOMATIC CONTACT RATES
The excess mortality found in this study is comparable in magnitude to that of other severe physical diseases, eg, diabetes. 22 This emphasizes the need for initiatives aimed at lowering the excess mortality. Most risk factors for the excess heart disease mortality are irresolvably linked to the psychiatric disorders, and the single most important target for prevention would be to intensify the somatic care of psychiatric patients. The excess mortality and the reduced survival after treatment in combination with the low somatic contact and invasive procedure rates invite the question of whether psychiatric patients receive the amount of care that corresponds to their clinical need. Evaluation on a more regular basis by clinicians specializing in somatic diseases would therefore seem to be one way to reduce the excess mortality of psychiatric patients.
The origin of the excess mortality is not fully understood, but the effect of unhealthy lifestyles (smoking, physical inactivity, poor diet, obesity, etc), reduced access to somatic primary care, medical comorbidities, and antipsychotic medication have all been proposed as possible causative factors. 2, [36] [37] [38] In this study, we have suggested that the insufficiency of physical health care for persons with severe mental disorder may contribute to the excess mortality. However, we were not able to measure the effect of the other factors, and we cannot exclude the notion that they have a significant effect on the excess mortality as well.
STRENGTHS AND LIMITATIONS
In our estimates of the risk of death from heart disease and invasive procedures, we took into account the competing risk from other causes of death. This aids the interpretation of our results because we calculated the actual probability of dying of heart disease (or receiving an invasive procedure) after somatic contact and not a hypothetical probability that does not involve death by other causes. Danish persons with severe mental disorder have a high rate of mortality from unnatural causes, for instance, suicide, 6 especially in the younger groups. This affects the risk of mortality from heart disease because persons who commit suicide evidently will not die of heart disease or receive an invasive cardiac procedure. The Aalen-Johansen method used in this study takes these competing causes of death into account.
We examined psychiatric inpatients. Thus, interpretation of the results should be evaluated with the notion that we have examined the most severe cases.
Diagnostic information, for example, on the severity of the somatic illness, in the registers is probably not as accurate as the information in more structured research settings. Validations of the Danish National Hospital Register and Cause of Death Register have shown high sensitivity and specificity for MI. 39 Furthermore, studies have shown high agreement between the psychiatric clinical diagnoses in the registers and research criteria diagnoses. 14, 40, 41 Some of the older persons in the cohort who were in contact with the psychiatric system before April 1, 1969, and had no later contact might have been misclassified as having no psychiatric diagnosis. The Psychiatric Central Register started in 1969, and the cases entered into the register at this time were a mix of incident and prevalent cases. Some of the older patients might have shown their first signs of mental disorder years before the start of the register. Thus, a "healthy survivor" effect could be present in these persons. When we censored persons with severe mental disorder from 1969 to 1993 from the cohort and thus included only incident cases (in the sense that they had not had a psychiatric hospitalization for Ն24 years), we found very similar results with only very slightly elevated IRRs for contact with heart disease, but again, mortality in persons with severe mental disorder was almost 3-fold as high as that in nonpsychiatric patients. This suggests that the possible mixing of prevalent and incident cases does not affect the results of this study.
We examined both inpatient and outpatient heart disease contacts. However, in the 17-year washout period from 1977 to 1994, we had information only on inpatient stays. A mix of first outpatient contact and prevalent outpatient contact could therefore be observed in the start of the follow-up period. We have repeated all analyses examining cohort members having only inpatient heart disease contact and found 20% fewer heart disease cases. The IRR and MRR in this setup were almost identical to the results presented in Table 2 . Mortality and rates of invasive procedures after first admission were slightly higher in the group with severe mental disorder as well as in the comparison group.
CONCLUSIONS
Persons with bipolar affective disorder, schizoaffective disorder, or schizophrenia had only negligible excess contact rates for heart disease or MI compared with the part of the population who had no psychiatric disorder. Inversely, psychiatric patients without a prior contact for heart disease or MI had a substantial excess mortality from these diseases. Furthermore, rates of invasive procedures were considerably lower and survival after the first contact for heart disease was reduced. Given this, it would seem that the treatment for heart disease offered to these individuals in Denmark is neither sufficiently efficient nor sufficiently intensive. This situation could possibly be addressed by drawing on clinicians specialized in somatic disease for the examination of psychiatric patients. 
